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Summary
The volati le organic sulfur compound
dimethyl sulfide (DMS) affects the
environment in various ways. Once released
to the atmosphere it potentially affects the
climate. Atmospheric oxidation products of
DMS reflect shod wave radiation what results
in a decrease in global temperature.
Atmospheric DMS is thus counterproductive
to the behaviour of greenhouse gases.
Furthermore, atmospheric oxidation products
of DMS contribute to acid precipitation. DMS
mainly originates from the marine
environment where it is produced primarily by
enzymatic cleavage of dimethylsulÍonio-
propionate (DMSP), an osmolytic ompound
produced by certain species of algae and
cyanobacter ia.  DMS addi t ional ly  p lays an
imoortant role in the marine environment
itself. l t can be used as a growth substrate
for cedain species of microorganisms but,
especially in higher concentrations, it appears
to be toxic to most organisms. The present
study focussed on the microbial production
and consumption of DMS and, moreover,
contributed to the clarif ication of processes,
which mainly affect the net production of
DMS in mar ine ecosystems.
Tidal sediments and, more typically, microbial
mats are characterized by high DMSP
concentrations and high population densities
of marine sulfur bacteria which are involved
in the product ion and consumpt ion of  DMS.
Most of the naturally produced DMS on a
global scale originates from open oceans, but
oceans generally do not feature these
specific sediment characteristics which
greatly simplify practical studies. Tidal
sediments and microbial mats were therefore
chosen as model ecosystems in the present
study especially because mechanisms which
determine the net production of DMS are
expected to operate similarly in larger
systems uch as open oceans.
Fie ld s tudies on microbia l  mats (Chapter  2)
and seagrass covered intertidal sediments
(Chapter 3) revealed that microorganisms
involved in the metabolization of DMS and
DMSP were abundantly present both in the
oxic and anoxic parts of the sediment.
Numbers and activities of the different groups
were estimated. Numbers of specific groups
were estimated with the most-orobable-
number methodology in which substrate
metabolism was determined. In this way,
three functional groups involved in DMS and
DMSP metabolism could be distinguised, the
DMSP-cleaving, the DMSP-demethylating,
and the DMS-oxid iz ing microorganisms
(Chapter 3). DMSP-cleaving organisms
directly produce DMS, this in contrast o the
DMSP-demethylating microorganisms. The
amount of DMS directly produced from
available DMSP thus depends on the result
oÍ the substrate comoetit ion between these
two groups. Furthermore, the net amount of
DMS produced also depends on the
metabolization rate of the DMS-oxidizing
microorganisms. Both the DMSP-cleaving
and the DMSP-demethylating bacteria
appeared to outnumber the DMS-oxidizing
organisms (Chapter 3). The activity of
members of each functional group, with
respect to substrate turnover rates, was
studied in axenic culture experiments
(Chapters 2, 3 and 6). lt was found that the
kinetic parameter values, V,", (maximum
speciÍic substrate turnover rate) and K,
(saturation constant), vary in a wide range in
the DMSP-cleaving functional group. Both
V,", and K, values, however, were relatively
low for the studied DMSP-demethylating
strains. Under the assumption that these
values are representative Íor the field
populat ions of  the DMSP-cleaving and the
DMSP-demethylating functional groups, it
was concluded that the relative in situ
production of DMS possibly increases with
increasing in sifu dissolved DMSP
concentrations (Chapter 3) Sediment slurry
experiments revealed that the net production
of DMS was strongly affected by the
presence of oxygen. Addition of DMSP to
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anoxic slurries resulted in a pronounced net
production of DMS, this in contrast to DMSP
addition to oxic slurries (Chapter 3). The
presence of seagrass (Zostera noltil
significantly affected the sediment oxygen
dynamics as was revealed by needle
electrode measurements. During the
photosynthetic active period Zostera covered
sediment was substantially more oxygenated
than uncovered sediment. Sediment core
experiments revealed that both Zostera
covered and uncovered sediment produced
DMS, but  only  under anoxic condi t ions.
Based on these observations it was
concluded that a diel rhythm of net DMS
production probably exists, with a significantly
higher production during the night han during
the day (Chapter  3) .
Various strains of sulfur bacteria were
studied in pure culture in order to clarify the
contribution of different members to the
metabol ism of  DMS and DMSP in sediment
ecosystems in relation to changing
envi ronmental  condi t ions.
Two strains of anoxygenic
phototrophic (purple sulfur) bacteria,
Thiocapsa pfennigíí and Chromatíum
vinosum were found to be able to oxidize
DMS to d imethylsul fox ide (DMSO) under
anoxic/l ight conditions (Chapter 2). Five out
of nine tested strains of marine sulfate-
reducing bacteria ppeared to be able to use
DMSO as terminal electron acceptor, thus
producing DMS (Chapter 4). These
observations point out that in i l luminated
anoxic mar ine envi ronments a min i -su l fur-
cycle probably exists in which DMS is
oxidized to DMSO what is subsequently
reduced to DMS. Even low concentrations of
both compounds can thus significantly
contribute to microbial metabolism through
rapid cyclic turnover.
Another representative of the
anoxygenlc phototrophic bacteria, Thiocapsa
roseopersicina M11, an immoblle purple
sulÍur bacterium isolated Írom a marine
microbial mat, appeared to be able to both
produce and consume DMS (Chapters 5 and
6). Production of DMS occurred via
enzymatic lysis of DMSP both under oxic and
anoxic conditions. DMS, however, was onlV
metabolized under oxic conditions, during
which the sulfide moiety was completely
oxidized to sulfate. This organism occurs in
microbial mats rn sediment layers, whlch are
oxic  dur ing the day and anoxic dur ing the
night .  l f  th is  organism in i ts  natura l
environment is provided with DMSP it wil l
produce DMS dur ing the n ight  and both
produce and consume DMS dur ing the day.
The diel rhythm of DMS production by this
organism is  thus s imi lar  to  the rhythm of  net
DMS production which is expected to occur
in intertidal sediment ecosystems (see
above).
An addltional interesting physiological
characteristic of f.roseoperslcrna M1 1 is its
abi l i ty  to  accumulate DMSP int racel lu lar ly
when grown in mar ine medium (Chapter  5)
In these cul tures DMSP was only
metabolized during the stationary growth
phase, this in contrast to cells grown in fresh
water  medium which metabol ized DMSP
during the exponential growth phase. These
characteristics suggest uti l ization of DMSP
as compat ib le solute.  The eventual
metabolization of DMSP in the stationary
growth phase by cells grown in marine
medium can be expla ined by a decrease in
cell size what possibly results in superfluous
comoat ib le solute.
In addition to field studies and laboratory
exper iments a mathemat ica l  model  was
constructed (chapter 7) This modell ing study
related the emission of DMS from a microbial
mat to the production and microbial
metabol ism of  DMSP in the mat .  The
funct ional  group composi t ion of  the mat ,  the
physiological characteristics of these groups,
and the eco-physio logical  condi t ions
oxic/anoxic and lighVdark, which both varied
in a diel cycle, were taken into account. The
predrctive value of the model appeared to be
limited. This was due to the fact that a
number of important ecosystem parameters
are st i l l  not  quant i f ied.  For  th is  reason the
microbial mat was regarded as a two-
compaÍment system, consisting of an oxic
top layer  and an anoxic bot tom layer .  As a
consequence, the boundary layer, situated
between these two layers, was neglected.
This third layer, which experiences an influx
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of both oxygen and sulfide, is often
recognized to be the zone of enhanced
microbial activity. In spite of these
shortcomings the model provided some
interesting points which merit further
attention. The model indicated which
ecosystem parameters need further
clarif ication and, moreover, suggested that
eutrophication stress, osmotic stress, and
alkaline stress, probably result in strongly
enhanced atmosoheric DMS emission rates.
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